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K ELiOBAHDU M RSPOR T 
WIND-TUNMEL IMVESTI&ATION OF A 1/20-GCALE- 
PO'yEREi), MODEL OF . A FOUR-ENGINE 

■ ■ TRANSPORT AIRPLANE -. ' 

By . Victor .'I- • Stevens , ..vvilliam M. Douglass ' 
and Jules. B^' i Dods , Jr ." • 



• . ■ . ■■■■ ■■■■■■ SUMKAHI , 

Tests have been made on a l/20-scale r:Odel . of a four- 
engine transport airplane to determine • the stability ciiarac- 
teristics, empennage' control-surface effectiveness, the 
effect of propeller'-'ro'tation oh .lohgitudina-i stability, and 
a method for. carrying- "spare wing-, panels under the fuselage. 
The effect of tvro mo(5ee "bf inpdel power operation- on' t.iie char- 
Gcteristics of the model v^as studied. ' The' "effect of landing 
gear, open co'«;l flapo, and center-section split flaps ws.s 
also investigated, 

The results. indicate that the model possesses satisfac- 
tory " sti:ck- fixed loh-gitudlnal- stability for all normal flight 
conditions except . for high .power with flaps extended. The 
sticlc-fr.ee longitudinal .sta,bili.ty is unsatisfactory in a 
rated-povrer climb, although it .may be remedied through the 
use of a spring in the ele?.^ator-- system counteracted by nose- 
up tab, .■ Stick- free -stability is also lacking for .any pov/er 
condition vfith flails' fully- 'extended, -owing to under- surface 
tail s.tall. ; ; • 

•The -elevator power" in landing, is marginal. Control 
forces a:re,;high for 'landing .and. accelerated flight for the 
design control linka.ge;." however, "a cha.nge in the control 
linkage should bring the forces within". the desired limits. 

A change in .directi'onv of .propeller rotation produces 
little change in lon-gitudinal stability of this- model, 
primarily because the horizontal tail completely spans- the 
slipstrcpDS of -the inboard propellers.. 

Directiona.1 chara-cteristics of the model are satisfac- . 
tory. .The .rudder-power is sufficient to maint8.in zero 
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side olip upon failure, bf. ^any' one engine, and the control • 
forces, required are satisfa.'ctorilj'- low. 

, Application of take-off pov;er in the landing configuration 
completely neutralizes' 'the., normal "dihedral' effect, requiring 
use of the ailerons 'rather than the rudder to keep the .xirings 
level. '• . . . ' ■ 

From an aerodynamic viei'\rpoint, \-iln§ panels carried under, 
the fuselage sho-uld be placed 'length^vis.e of . the fuselage v/ith 
the inboard ervds butted together,. 

Practically no difference is indicated between the results 
for- the tvro modes of model power ' operation, provided the hori- 
zontal tail is not stalled, -. , 

In general, the landing gear increases the sta.tic longi- 
tudinal stability, power off." Hovrever , '-with power - at a flap 
deflection of 25°, "stability is decreased. The effect, at. a 
flap deflection of 50° is- obscured bj"" the stalling- of the, 
tail. 

IKTRODUCTldN- ' 

An investigation, of the. characteristics' o'f .a. four-engine ■ 
tre.nsport -airplane through tests of 'a 1/2.0— s.cai'e- powered model, 
was conducted at the request" of the i-iateriel..Gomij-iand, IJ..S. 
Army Air "Forces . Results are .presented, which show the., empen- 
nage control-surface ef f ectiveneos and the effect of propeller 
rotatlon'on Ibngitudin'al stability. Data are presented to ; 
show flap effectiveness, effect "Qf. landing gear, effect of 
cowl flaps, and an optimum .method for carrying spare- wing 
ps.nels under the fuselage. A comparison is also presen'tea,. of 
the longitudinal chara/cteristics obtained by two m.sthods of 
model pox^rer -operation (.I.e., the advance ratio V/riD was 
varied' by • changing either the propeller rotatlpnal- spee"d .or 
the dynamic press-are ) . ' • • ■• . • " ,, . 

The tests x-rere conducted In the Ames 7^ by 10-foot 
tunnel. '-'■-■.' ..."'- 



■ MODEL AND APPARATUS' • 

The l/20-scale model of a f o'ur-engi'he' transport airplane 
3 s nhar^f^teri 7.ed by a.- high-^aspect-ratio xvlng set back. and low 
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on the fu-selage with' generous, fillets at the wing-fuselaae ■ 
juncuurc. Thr,ee outstanding: features of the wing are (l) 
full-spo,n vaned flaps, (2) a spoiler- f lap-a.il er on combination, 
(commonlj' called a flip-flap- flop) for lateral control, and,' 
(3) an airfoil section v^hich at the design lift coefficient' 
hr.s pressure gradients f-avorable to laminar' flov/ on the lov/er-'. 
surfach only. A comt)lnation of direct, control and servo- ^ . 
control is utilized on the, airplane to reduce control forces. 
The linliage" in the system is partially adjustable, providing ' 
a means for obtaining the most suitable ratio of direct-to- 
' servo control. 

A three-viev: dravjing of the model is shown in figure 1,.' 
.and a sketch shov.'ing the location of thrust lines and center 
of gravity is presented in figure 2. Section details of the^ 
vaned flap and. the spoilcr-flap-ail.eron .combination are given , 
in figure 3. Fi.Q;ures ■ 14- and 5 ffi-''^'^ detailed dimensions for 
the horizontal and vertical tail, respectively. The model 
elevators Tv'ere equipped with both trim -and control tabs; how- 
ever, the trim tab' was neutr;:.l for all teats. A ta.bulation 
of 'the importa.nt model dimensions "and a list of configuration 
symbols used" in the re-.^ort are/i^resented in ^appendixes A and 
B. , 

The model vras powered with four vari8,ble-s'pesd motors ■ 
driving three-blade propellers. A propeller-blade setting of 
22 - at the 0.(3 raditis was maintained • throughout the tests. 
A unit composed of a motor and torsion strain gago was 
installed in the tail cone, permitting the 'operator to deflect 
either the rudder or elevator and read the resulting hinge • 
moments while the tunnel vjas operating. Two vjooden'wing 
panels-, sim.ulating the right and left" outboard panels of the 
model, were provided to be mounted under the fuselage in 
various positions. 

The model was mounted on three struts, as shown in 
figure b. All power and .control loads were -carried through 
the rear support strut, allox\ring the use of small- tip struts 
on the wing.. 

. .■ , • ^ . 

TESTS AKD. RESULTS 

The tests vere conducted In two' scries. The results of 
the first series have been segrega.ted into foiir groups: 
(l) longitudinal stability and control, (2)- the feffect of 



propeller rotation on longitudinal stRbillty, (3) lateral- 
di'rect-ional characteristics and (H-) tests shov-jing flap. \ 
effe.cts and effects of- externally tranv^ported x-7lng panels. . 
For testa In which full— scale povrer was ■ to 'be simulated, ~the 
relationahips of thrust coefficient T'c • to 'lift coefficient 
dj, shown in figure J vjer.e used; -The- propeller chara.cter- • 
istice (T'e .as a function of' V/nD) determine'd ■experimentally 
are --given In fig'ur.e c. . • . ■ , ' ' " ' " 

A second, -series ''of tests, vre.s later 'cond.ucted to obtain .a 
comparison of the results obtained- using two' different -methods 
of power opera,tion, : to determino the effect- of the landing ' 
gear and., cowl 'fls.ps, and to determine -the effectiveness of the 
center-section S3;>lit .flap.- ' - 

The' tost results ar,e presented in the ■ form of standard', • 
JAC'a coefficients. Except wh^ re. noted, 'the coeff iqieht's are 
referred to the stabillt.y axes pn'ssin.j:' through ?; point "a.bove 
the £r- percent .mean aerodynaaic chord Cfig. 2) arid a.re 
correcteci for support tares an.cl j.et-boundary effects as given 
in the appendix.. . "■•.■'. 

.• -., ' Lohfvltudirial Stability, and Control. . , • • 

■ ' ' ' ' - . ' 

The longitudinal cha.ractero. sties of the model were deter- ■ 

mined crs a function of- angle of attacL: for \Trious. cornbi- . ■ 

nations of ^ flap and -povrer settings and. are' presented as ' the 

variation of ohgle of attaclr. ancf of drag-, pitching", moment , ^ ■ 

and hinge-moment coefficients v;ith^ lift, co-officient. The 

characteristics of 'the- mod.'el v/ith ■ vari.ous pover •conditions ■ 

are cosp'ared in f it'juro '9. for flaps 'undeflected, in figure 10 

for flaws deflected -SS", and^ ".in fi^.ure 11 for fl-aps' deflected' 
300. ■•• . . ■ ■ -. - ■ - . ; . ^ . , 

■ ' ■ Elevator 'hna elcvator-cohtrql- tab-effectiveness d.ata v/ere 
obtained. 'for' the mod-el T,\'ith propellers removed and' flaps unde- 
flectecT by var.y.ing eleye.tor defieotion for -.several model atti- 
tudes and control-tab s-cttlngrs. The results for control tab 
neutral are pre.sented in figure '12 a.3 thg • variation of lift, . 
drag, pitc'ninc-;-aoment, -and elevator hingc-m.oment coefficients 
v-rith el-eyator deflection: For nominal control-tab deflections 
of -10'-', 10°,' 15°, arid 20°,- pitching-ooment and elevator • 
hinge-mom.ent coefficients are ' givcrr'in fiHureslo to 16. ' 
Figures 12 to 16 ha'v-o been cross-plotted .to det'.erm.ine tab " 
effectiveness and the results arc. pro'se-uted in -fi.gures^ 17 and 

1"6', . " ' • ■ ' ^ . ' . ■ • . " ' ■ 
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'a -limited series, of -tests 'xvs.s- 'also mr.de to measure ■,. .. 
elevator and elevator-t3.b ef tect.lveness I'/ith iri'Opeller.s • oper- 
ctinfj;' Resulte of theee teats, for VT-hicji rated po-^er at fdOO 
'b?e'et wss'sikulBted, are ^Dresented iii figure 19. ■•• ■ '. ■ 

To determine '^ufflcienc.y of - ele-vator po'-rer f-or ■ ianding, 
the model in the landing conf i^'UTafcion 'v/as tested with 
elevator deflected 0°, -20°, and -25°' for control-tah deflec- 
tions of 0*^, 10°,. and 20°. The results are -shovrn In fi-Ture 

20.- ■ •. • ' i: 

' * » - , • ' ' , t 

■ 'Effect 'of Propeller Rotation on Lonsltudinrl Stability 

Teste Of twin- engine airplanes have shown loss in longi- 
tudinal stal:ilit3- v/ith application 'of power to be a function 
of propeller rotation; The optirnuj-a rotation is such that the 
In-bokrd blfd'ea are traveling- up, giving a larg-er part of the 
ta.il' belief it -of up-.-zash due to -slips treain rotation.' i^ith - 
..these results in mind, tests were made on this riodel 'with 
en'-:ines 1 ssad. '2 rotating, counterclockvise and engines 5 and l-l- 
'c'lochwise. The \^ari-ation of angle of ettack, pitc'nin..£-moment 
coefficient, and ele^'-'ator hinge-monent coefficient •■rith lift 
"coefi icifiiit for this rotation is compared with. the conven- . 
tional rotation (all cloclcv/ise ) in fi-rrure 21 for flaps unde-r- 
f'lected, in' figure 22 for fia.iD.3- deflected 23°, and In' figure 
23 for flaps deflected 50^. ' ' " _ ■ 

t 

Lateral-Directional Characteristics.' •• 

,. ., The aerodynan-ic characteristics of the model in- yaw were 
'evaluated for the cruising- attitude (Cl - O.5), climb atti- 
tude (Cl ^ l.G)., and the landing-s-pproach atti-tude (Cl =' 2.,0 
with flaps, extended pC-''), Clmracteris tics .of the model in the 
cruise e,tti1:;ude are presented in •'■fi.gure 2^-!- for the propellers 
removed and cruisina-power conditions. Similarly, •'■fi.gure 25 



?-In;the ori&'inal data obtained for the conditions shown in ■ 
fip"ures- 2^4-, 25., and 35, tiiere occurred discontinuities in the 

,.crcss-f or.ce and yav/ina—uiornent coefficients.. However, in e. 
later investigation it was found that a separation flow over 
the thick airfoil section of the third strut was the cause of 

■ the' observed discontinuities. By i^lacing spoilers on the 
strut it vjas .possible, to eliminate thes.e discontinuities. 
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presents the characteristics for the climb attitude v;ith rated 
power. simula.ted and with propellers reraoved, 'and figure 26 
presents. the characteristics for 'the landing-approach attitude 
with 50-percent-r8.ted and. 100-percent take-off power simulated 
and propellers removed. In figure 27 are sh.ox\ni-tuft photo- 
graphs of flow over the vertical tail for the model in the 
cruise attitude. ' ' • . 

Rudder-and rudder-tah-eff ectiveness tests vrith propellers 
removed were ms.de at the cruise a,ttitude by varying rudder ,. 
angle for several angles of yaw, and control-tab 'settings. 
The results are 'presented in fl.^ures '2^. to 31 8.s the variation 
of yawlng-noment a'nd rudder hinge— moment coefficients v/ith 
ruda.er angle.- These data have been cro.ss-plotted to give, 
control- tab effectiveness in figures 32- to cki 

To ascertain .the -rudder ■ effectiveness vrith propellers 
operating, rated power at the ' climb .attitude was simulated ■ 
for tab neutral only. These data are Included in Hl^ure 55. 

To test adeouacy of directional control- In .the ■ event of 
single-engine failure during take-off the' model in the' take- 
off configuration (flaps deflected '25 , landing ge6.r 'extended.) 
was yav;ed for each of several rudder o.ef lections while main^ 
tai.ning take-off pov^er 'in engines 2^ 3, and and allowing 
engine 1 .to windmill.. Figure 3b shovrs the results of these 
tests. . • ' " " " • 



Effects of Flaps and External vSlng' i-anels 

■ - For convenience of comparison 'the lift curves for . the 
raod.el with propellers removed are. summarized, in figure 37 for 
.flaps deflected. 0°, 25°, and- 50°. In figure 3-3 are shovm 
the combined effects of Reynolds -number and Mach number on. 
the lift characteristics for flaps deflected:.' 

f . 

It was suspected tha.t the outboard fla.p had passed its 
peak effectiveness -at a full .50° deflection. Such a condi- 
tion would be particularly undesirable since the aileron- is 
on this portion of the flap. To check this condition, tests • 
were niade v.^ith the Inboard flap deflected 5^° and the. out- 
board flap at 0^, 12-|-°, 25°', 37-^°, and 50'°. The, results, are 



^See footnote, p. 5- 
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prsser.ted' in 'fig;ure ii-Q. • ■ 

Since one of the functions of this airplane vrill. be the 

transportation of "wing panels too large to be carried' in the 

fuselage, tests vrere cade vrlth outboard panels Kounted under 
the fuselap;e to determine the optisvorn arrangement. Tv^o of ■ 

the three arranj^eiiients tested 8.re shown in figure hO. The 

test results for the three arranp'ements are presented in 
figures Kl, M-2, and k-c. ~ ■ 

Effect of Method of Povrer Operation 

The first -series' of tests" indicated a transla.tion in 

the pitching moments with chani2;e in dynamic pressure for a 
50° flap defleciioh, with the t^-il removed. Since in that 
series the power tests wei-e -rnade Vv'ith a va^riable dyna,mic 
pressure,- it was considered possible that errors were intro- 
duced into the pitching moments. Therefore, it was proposed 
to malce a comparable " series of power tests in which the 
variable dj'namic r-^ressure xvas eiin-inated. To do this, the 
thrust coefficient was' varied by cha.nglng the propeller 
rotational speed rather than the dyns^mic pressure. The com- 
parison of the longitudinal characteristics obtained by both 
methods are presented in fijure-s K-.- to ^-7 for the model with 
flaps undeflscted, deflected 25°, 37-|°, and R0°. Because 
tests were not prox'iouF.ly obtained for' a flap deflection of 
c7|-°,.. all the required tests ware ma.do during this phase of 
the investigation. A sumsiary plot showing povfer-on results 
for all flap deflections made by the constant-dynamic- 
pressixre .method is given in f igi.u'6 kS. 'The load carried by 
thf tall is shovrn in figure l-!-9~for a SC^ flap deflection with 
'taker^off power. " • 

Effect of LsTiding Gear and Center-Section Flap 

. For most of the tests raadc with flaps deflected, the 
landing gear was retracted, the effect of .tiie landing gear 
v;aB dctcrvnincd separatoly with and x-iithout power. ■ P.esults 
obtained b;'' the constant-propeller rotational-speed power 
method are presented in' figure 5^ ^^'^ flap deflections of 
£■5° and 50°. Results obtained by the constant- dynamic- 
pressure m.cthod for, flap deflections of 0°, 25^^, and 50° 
are presented in figures to for tail removed and in 
figures ^k- to 5-- fo^ tail on. 



The effect of the cowl flaps on the longituainal-str.billty 
chr..rf,cteristlos is presented in figure -57 v/lth the tail on 'and 
in f i;ure 5o. with the tail removedr Both the' pov;er-Qff and 
power- on conditions are included. • , . . , 

Results of tests made to deterniine the effectiveness of 
the center-section split flap arc presented in figures 59 £'-nd 
60 for flap deflections of .250 and" 509. ~ ' 

• • " DISCUSSION • . . . ' 

Longitudinal Stability and Control 

Fewer off .-. The .power-off. stability wit'h flaps under- .' ' 
fleeted as shoxvn .'.by ■•dGTi/dC'L' indicates a-, static margin of 
about' I9"p.ercent M/A. C/'"up to. a CL.ofO.9 (fig. 9). 'Beyond 
this -point (iOr^/dCL in creases'^ sharply due to a preraa'ture loss 
in vjing effectiveness- ■■(dCL/da),' It should be n.oted that • 
this effect is typical for scale niodcls of .airplanes' having 
low-d.ra.g wing sections, but' at the full-scale .'Reynolds number 
it is believed that the -effect will be considerably -reduced. - 
The avera.g'c' static margin for the .model with flaps. ■de'fiec.ted- 
25° p.nd 50° is again equal to 19 -percent M..A.C., but there is 
no loss in v.'inff of f eetlvencss vrith the corresponding-' increase - 
in dCn-i/dCL at "high lift coefficients (.figs, io and 11). 

The computed variation of elev-ator deflection and stick 

force (T-;ithout servo and j^^^f^t ^"''^^^ = 0.6i:-7 

d ( elevator^ nin.ge moment;. 

lb/ft lb) i^rith ,speed, in fi-gure bl, again shoivs the sha.rp 
increase in stability at an" indicated "air speed- of ll-l-O miles ■ 
per hour (Cl = 0.9) fo^ the prbpeliers-reffioyed and fls.ps- 
retracted position. (Thrpughout this discu'sdion^.-. the .anal- 
ysis of control-force ' variation is sli-'plified-to the extent, 
■.that forces are given neglecting benefit of servo action; 
hov.'ever , . the ability of the -servo tab to reduce these forces 
satisfactorily is indicated. ) The high stici: forces are due 
to the; size of the surface rather than to Ipjrge hinge-raornent 
coefficient's. -The normal range, of flight speeds ca,n be 
covorod using only 5° ^- servo tab (figs.. 12 to 16). 

The characteristics of the airpLane in accelerated ■ flight 
with propellers removed for an aArspeed of 220 miles per hour ' 
(sea level) have also been estimated (fig. 62). The vp,ria,tions 
of elevator e.nele arid stick force vrith acceleration . are. stable- 
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F.ncV nearly linear, as fiesiredi Although the control ta.b' is 
ca.pable of unforoine the required elevator deflection/ it -is 
esti.Tiated that for the design linkage the stick forces 
reouircd v;ill exceed the ^0--po{xn6-per-p; limiti This could be • 
remedied by adjusting the ' linkage- to give a g-roater mcchanicrJ 
acr/e^.ta-r e between control column r-.nd to.b. 

- ••• Characteristics of the airplane in the landing condition . 
have' been esti".a,ted and a.re given in figure 63. The calcu- 
la:tions invblved are based on a gross weight, of 125,000 
pounds with the center of gravity located at- ly percent of 
■ the M.A.C. and with the a.irplan.- triivin-ied away from the. ground 
at 120 miles per hour. Ground effects have been a,dded, using 
the methods and charts given in refei'-ences 1 and 2.' Since 
tab hinge moments could not be measured, they xvsro estimated 
frorfi results of tests on' a geoniotrically 'similar tail'. The 
minimum landing speed indicated for full elevator and control- 
tab deflections He = -^5° , Scnp = 20*^) is 95 miles per hour. . 

(Cl = 2.13). Hovr.ever, .for the design control linkage of 

' — = ' ^ - — r— r' = O.b'4/ pound Tjer foot-'oound and of 

voj-evator ninge momontyg ' ^ - . 

U ^ ^^'t^--' \ =2.20 loounds Der foot-i^ound, an elevator 

Vtab iiinr:o moment/ c : - - - > 

^e .- ■ 

deflection of_ slightly loss than -20'-^, owing 'to the large 
elevator hinge moment,, will be obta.ined when control tab is 
fully deflected.. For this condition . the -landing, speed would 
be greater than 100 miles per hour and control forces^ would 
bo excessive. In consideration of these. results and the fact 
that the- control-tab effectiveness is still linear at 20?,. it 
is recommended that the maximum "tab an'gle be increased to 2^^. 
Such a change should make -it possible to ' reach. elevator 
deflections in, excess of 20°. and -also keep stick forces . satis- 
factorily ;lov■.^ It should be noted' that a.t the.- tes.t- Rrej^'nolds • 
number the elevator is relatively ineffective a.t a^ngles '. 
greater than 20° but that at full-scale Reynolds number the 
elevo.,tor may maintain off ectiv.oness. to- slightly -ffrcater 
deflections. Also, the above estimations neglect the ground 
effect, on vring characteristics, .vrhich results in ei.losa of " 
•maximum lift and a decrease In wing diving ■ moment ■ {reference 
5).. At present there .are ihsuf ficient. • dat-a to'estime.te 
accurately this effect, although it is be-ll'oved that the 
latter effect would i:)ermlt .the- -airplane to be trimmed -to 
hi.ghor lift coefficients i^rhich. would, i^eduxe-- -the minimum, 
•landing speed by a,bo-at 5'niilcs per - ho.ur. - - In -p.-ny ca^e, the 
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suffic-isncy of elevator pov/er for landing is marginal, since 
the minimum lo.nding speed ' Indicated above • (inolud.ing ground 
effect on v-jing pitching moment) is 90 miles per hour' coiapared 
to the d.csired. speed of o5 miles per hour.. 

Power on .- From the experimental. results , it was found 
that the ad.d.ition of ra.ted povjer reduced, the longitudineJ 
stability, placing -the neutral point at the 33 percent ii.A.C. 
for the climb attitude ffig.- 9)- -(Power-off neutral point is 
at percent Ii.A.C. for the range of lift coefficient for 
which .Vv'ing. effectiveness is normal.) - Since -32 percent, of the 
M.A.G. is the estimatod^' o.f-t center-of-gravity position, stick- 
fixed stability in a rated-power climb v/ill be marginal for 
the a:ft center of gravity but -should be satisfactory for the 
design center of gro.vity (25 ' percent .K..A. C . ) . To ascertain 
the relative importance . of the different pov;er effects on 
model- 'chs-racterls tics ) .the pi-t-ching-moment inGremerit.s produced 
by simulating rated power have bo-zn broken down into the 
various com-oonents and are shown in fiscuro Sk-.. At an angle 
of attack of 6°, _(Vi ..= . 13,5. mph for gr,oss wDlght'= 125,000 lb), 
'the calculated propeller tliru.gt G.nd normal forces produced 
ACri ■ and ACmg = 0.05. The slipstream ef facts upon wing and 
nacelles were negligible. 'This was established by comparing 
the m.pments produced by . calculated "propeller -forces and the 
moments produced by power for the tail-removed. co.nd.ition. 
The greatest effect '.of power was the change- in d.ownwash at 
the tail, . re.sulting in a AC nig =.- 0.. 062 determined from 
ACmg =. (<3-Cm/dit), poorer off^'«Tpower on-^'-'f power off) where- 
ctip was deduced from tail pitching moment and. dCni/d.it.. 
The effect of slipstream velocity over th6 tail was stabi- 
.lizing,- producing" a ACnig = -0.021.. The value of ACnis 

■was ob'te.ined -from the eauation ACrr,' = (q/qo - l)(tail 
pitching-mo.ment ' coefficient assuming o/qo = 1.0) ii-hcre ' q/Qo 
V7as obtained;^ from the variation of .elevator effectiveness 
with power. 

The variations of . e-ievator ■ an.^'le and. stick force (without 

servo) with speed .are given in figure 65 for rated power at 
5000 feet. . Static l.ongitiid.inal -stability, as incacated by 
dSo/dV, ' is present throughout the speed range. Ki.gh stick- 
fixed stability is . exhibited at low -speeds -becau-se of the, • 
decrease in dCL/d.a and the resultant i-ncreasc in d.CiTi/dCxj 
(also noted, for the prop.eller-removed condition). St.ick-freo 
stability is exhibited for . speeds below 150 miles- per hour; 
above this speed, stability is lacking, ov-ing to thp reduction 
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in stick-fixed s'tability. Stick-free stability could be 
intproved b;' the introduction of.-a- spring in the elevator con- 
trol such that, nose-up tab is required' for trim. 

'.'"ith flaps deflected, pb':\fer .effects on. the moment charac-r 
teristica are aiivilar to those .existing with flaps undeflected 
except for the f ollovTing::. , ' 

1. - The slips treejTi velocity over - the flaps produces 
sufficient nes^ativs pitching: nioment to more than overcome the 
moment produced by direct propeller forces. 

2. • The flaps accentu.ate- the downivash produced by the 
propeller. 

5. The tail.- load is . negat;i-/e, making any effect of slip- 
stream velocity over . the -tail destabilizing. '.'Jith tahe-off 
pov;6r the static lpn5;itudinal stability, as indicated by' 
dCrj/dCL, bocoraefi '.neutral at ■ Or, = 2.0 for fla-Ds deflected 
25°, and at Cf, =-l.r for flaps deflected JOO-.. At lift • 
coefficients -below 1.2 .'for.- the mod^l with flaps deflected. 
50°, there is" an undor-surface'' tp.il stall which is particu- 
larly noticeable-',v;ith ^'O-pQ.r cent rated' po v.rer (simulated'... ■ 
approach condition)'. 'For-hl.jher lift '-coefficients-, dCj^j'/dCL 
indicates adeouate stability.." A tendency for under-surface 
stall at low lift coefficients is indicated by. -dCvi.j^/dGL 

for all tests' made with flaps deflected. The maghitucJe ■ 
increases with flap deflection and power and is sufficient 
to produce severe sticl:.-freb instability. However, previous 
tests made on .sin:ilar models have ihdic-ated that 'the under- 
surface stall observed at lov^ Reynolds number tends to 
diS8-ppear at hi^h Reynolds number. 



Eff -ect of Propeller Rotation .on. Long'itudlhal Stability 

Changing', proiiicller rotation on ensines 1 and 2 from 
clbchVi-ioC to coun-tercloclwiso moved the sticic-f ij^ed neutral 
point 1 percent of the I-I.A.C. aft for the rated-poxver climb 
but failed to change the Gtick-fi:red' stability when flaps 
were extended (fis^-s. 21, 22, and 23). Sticl'-free character- 
istics are chanfred little, if any, although there appears to 
be a' tendency tow~.rd grer.tcr stic>-freo stability in rated- 
power climb (dCv,_/dCv;^ less neg-ati^-e) with change in rotation. 
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The jnr.gnitucio of the change in. stability was less than 
eioocted. The -iraprovenient in stability for ratsd-power clirab 
w.?.s the difference betv/een the bericftcial effect of the 
upturning blades operating on the relatively lr.rg3 chord 
section of the stabilizer, and the detrimental effect of the 
doxvnturning blades operating on the small chord section of \ ■ 
tho sts.bili'sor. If ths tip of the horizontal tail extended 
Oiily to the' center of the inboard slipstream, as is approxi- 
mately true on t^.-jin-enaine airplanes, the effect would have 
bern greater. - " ■ " 



Lateral-rDirectlonal Characteristics 

Power, off .- The directional stability in 'the cruise e.tti- 
tiide as measured by d.€^/6.i' is -O.OC23 and the corresponding 
dCri/d'6r is -O.OOI9. Using the rnethods of reference M-., the -"" 
estir.ated values of ■'d.Gii^/c.-*\i and dCn-j^/dSr are less- -than the 
me;?.surcd values, indicating that the vertical tail is oper- 
ating efficiently near -.^ero ycxr. ' Hovrever, in figurc-s 2k, 25,. 
and' 2c, the variation of C,^ with -il/ shovrs a loss in tail 

effectiveness at ^ = 1S°, as indicated by a loss in the 
restoring moment. Also, tho rudder hinge- moments shovr^ 0, 
marked increase. The tuft photographs of the nodel in the 
cruise attitude (fig. 27) indicate increasing roughness at 
about the mldspan of the rudder for a yavf-angle range of 6*^ 
to 1'-!-°. Between 1^° and i6° of yaw; the roughness progresses 
to a stall which extends to the rudder tip. Since the hinge 
moments were, affected more than the y-awing moments, the cause 
Was probably separation at the rudder trailing edge, vrhich 
changed the pressure diatribution over the vertical surface. 

'The variation of rudder angle to trln: and ped.al force- 
vrith the angle of sideslip is"- given in figure 66. A design' 

control linkaeo of ■ jj^^'^'p- ^Q^^"^' =1.51' with 

(rudder ninge moment J. ••■5^ 

servo tab loched was used- for the computation o^ rudder* 'pedal 
forces. These results indicate thrt-l6° of sideslip can bo 
enforced with a full rudder deflection of 23°. The rudder • 
hing'e- moment resulting can "ee heutr?'lized with less than half 
(p-bout 9*^) of the available servo-tab deflection. 

' ■ ■ ■ .' 

Power on .- The application- of power in both the cruise 

and climb . conditions decreases ' d.Qr^/ddi by 11 percent. .For-. 
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both conditions, the power-on dCri/d\j/. = -D.OQ25. 

The variation- of the pedal force's and rudder deflection 
to trim v/ith-- angle of sideslip is nearly linea.r for the air- 
plane- in the- climb- -condition (Vj_ = IkO rnph, rated power) s.s 
Bhovin in figure -67. "vith a rudder deflection of 20°, 'the 
airplane will -.trim at 12.5° an-rls of -sideslip. At larger 
deflections the' rud.der stalls, thereby greatly increasin-a- ., ' 
the pedal forces. It is expected -that , at full-scale l-ieynbld 
number, the effectiveness vjill be extended and a larger angle 
.of sideslip- will result. 

It is emphasized that, the larcje -ped-3.1 forces inCi-icatsd " 
, in -the range between 0° and. 20° rudder deflection a.re due to; 
the size!- of the surface, not. high hinge-nioment coefficients.,, 
and -that 17° of »sery-o tab should be sufficient to neutralize 
the rudd.er hinge aiome-nts..- .-The resulting change in the trinv 
, a.ngle of sideslip -caused by this tab d.eflection would be - . 
sme.ll. , • . • .; 

Ivith .flaps extended,., addition of ijower cau-ses a marked 
decrease in dC|,/d\l', -which neutralizes the dihedral effect 
for 50 percent rated poxfer and.- 100 percent tahe-off power. 
Such a reduction in dihed.ral ■ effect- is caused, by a movement 
of the- -center of 'vring- lift prbduc-ec by the slipstreo.m toward' 
the trailing .xfing tip as .-the .model is -yawed, making the 
reduction a fuiictiph of se.cti'on lift- coefficient, thi'ust coef 
.■fi.cierif, .and di'stan.ce froin .propeller' .disk to lifting line. 
Sin'.c'e the d.ihedral. ef-f.ect .'is not.' appreciably negative, the ■ 
pilot should be able -t'o' maintain" sktisfactdrj'' control by • 
,uain.g .„th.e....ail.er.Qns ._. .„ 



.'; .' yp.on' -failure- of ',.the;---left outboard- engine dviring take-off 
■about -'ll° 'Of ■ right rudtder 8:re- reoulrerd 't'o "maintain zero side- 
slip, (.fip?.- --3,6 )-.-•■•- -'For - thi6--.d.e.flection the servo tab is caps.ble 
o'f • ■ reduc-ing ., p.e.dal- - f .or cas...c.or:S.id.erably belov-r the loO-pound. 
limit. Since' this ■ i-a"'-'the. ia'bst critical condition for single- 
engine failure, the rudder is capable of he.ndling the unb.9,].'- 
anced yav--/ing mome'nts prod.uced by failure of an.y'one engine. 

; - -Flap -"Effectiveness, 

The change in., flap characteristics with dynamic pres-sure 
shown in.;'-' figure oS i_s""ihf"l'ue'noed by Mach number as vreil as 
Reynolds '^nui:ib.en-.:^ji!s:,'5.'eyn^3lds--^^^ iiscreeses ,. the _ma.y.imum 

lift should increas&y •'wh^<j'h'-':is verified by the lift, curves 
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for q = 20 s.nd i|-0' poimds per square foot. For higher dynamic^, 
pressures, the effect of Mach ntaiaber cancels the beneficie.l 
effect of . Reynolds number and there is negligible change In-- 
me-ximum lift coefficient with dynamic 'pressure. .The Mach 
number rea.ched in normal flight with flaps extended will not .: 
exceed the. Mach number- at a. dynamic pressure of k-0 pounds per 
square foot; therefore--, the full-scale airplane should .not-' 
• suffer the detriraenta.1 Mach number effect on maximum lift" ' 
coefficient. , ' ' • ' 

The effectiveness of .the outbos,rd fla.p (fi£", .39) remains 
nearly constant to a deflection of 30°. Beyond this point 
effectiveness decreases, rea,ching neutr-al effectiveness at- 
about 1J-5°. Based upon these results , it v/ould appear that, 
the deflection of the outboard flaj) should be/limited to 35°- 
or 'U-0° to Improve effectiveness of the aileron..' As the 
outboard flap is retracted, the reduction of effective aspect 
ratio of the wing is. cleari.y illustrated by '.the marks.d 
increase in Cj) "^at a given , Cl. ' 

Effect, of Wing Panels Carried Under .Fuselage , . • ' 

The test results in figures ^1-2 and 43 indicate that the 
v/ing panels mounted' a^s shorn in figure H-6 cause .li't tie if any 
ch8.nge in, either the lift or the longitudinal- -.and directional-' 
stability cha.racteris.tics.. They did, cause a. .slight cha,nge in • ■ 
longitudinal, trim and -a-n appreciable increase .in~drag. . Tlie'- 
drag increments are summarized- in the- follov/ing .table for: the ' 
fla.p^undeflected condition: . . • •';■'. 



Wing-panel . Diagram of ' ACp , ACp 

configuration attachment at .Cl =^ 0.^ . at ..Cl .= 1.0 ■ 




The foregoing results Indicate that from an aerooLynanilc 
vle-wnp-oint configuration pi'oyides the i!:Ost • sat is factory 

method for carryins" wing panels under th.j- fusolag-e. If 
. should be noted that use of this method recuired that the 
center-section flap remain undeflected. The a.ccompanying 
niechaiiical conrplications and ''^he loss of the center flap as a - 
lifting device might not he justified by the lov.j drag for 
this configuration. 

■ Comparison of Method of Povior Operation 

The- results indicate an agreement betvreen the iviethods of 
poi-ier c'peve.tion for the model v'ith flaps undeflected, 
deflected 25^ y and 37-1/20. The pitching r^iomonts v-rith the', 
flaps deflected ^.O'^ are erratic, hovveve'r, .and there is a 
l8,clc of affrearaont betv.-een the two methods. The reason for 
the erratic natur-e of the pitching-niorfient curves -is shown' in 
an exariination- of flp;ure ^4-9. The "tail-removed pitohihiJ,- 
iiioment cui've' has iDractica-lly a constant slope-. With the tail 
on, hoWever, the variation 'of the pitchihg-MOvp.ent curves is 
irregular, lea-din?- to thD conclusion that the tail is sto.lled. 
Such a tail stall has been observed on several, airplanes in 
'Which the tail is ronuired to supply a lar^je dovmload because, 
of Isr-ge flap deflections anP .hi&h poller conditions. Thus, 
a closer a£;reenient at this .flap deflection would not^be 
expected. . . ' 

' Effect of the Landinv C-oar and Cowl Flaps 

Aside from tho antici-ppited increase in drar, there are 
changes in, pitching' r.omont caused by the extension of the 
tricycle landing-, gear . It is evident that the effect of the • 
landing .gear on the povisr-off tail-reiTiOved characteristics 
is a positive Incremental pitching; raoment.' This character- 
istic, although unexpected,'' of ten pcciirs due to the inter- 
ference betT'/eon the landing .gsf.r and the vring; hov/ever, the- 
ch;"n£'e in the down/jash .at the tail caused by the landing' gear 
produces- a no£--.rl-y equal but op;..;Osite shift in pitching moment. 
Th.. resulting effect of the .gear (power off and tail on) is a 
siiglit incre.ase in the longitudinal stability. With the 
addition of power, the landing: gear increases the lon.gitudinal 
stability v/ith fla^s undefl-scted, and decreases the sta'lDility 
with flaps deflectod 25°. .^xth..tho flaps deflected 50°^ the 
effect of the landing gear is- obscured, beca.uso of the unatea.dy 
tail stall mentioned previously.- 



■.vitli' the v;ing flaps - deflected 25° and with the tr.il on, 
th3i-e Is' no change in the longitudinal stability occasioned 
by opening the cowl flaps'; however, a small trim ch<?jige 
(ACjj =0.07, pov/er off) is observed. 

■ ' - . ' 

Effectiveness of the .Center-Section Split. 'Flap ■ 

The utility of the center-section split flap was ques- 
tioned because of th:. tendency . bf the .lift to carry over the 
unflappcd area of the fusels.ge and V.-ocause additional weight 
and ncchanical com<plicatlons''woiild be involved in the flap 
installation. . . 

It is ap2x--.re'nt that the lift contributed by the' center- 
section flap is small (figs, 59 and-bO).-. Kowover,, the • 
increniental" pitching moment rosultins' from the increased doi/m-- 
wash at the tail is beneficial in reducing- the up^elevator ■.. 
required- in landing. The latter, effect may be the deter— - ■-■ 
n:.ining factor in retaining the cent 6r-s.6ct ion split .flap, 
sincc"it was esti.-iat-"i=d tnaf the ability of the elevator to 
maintain- the la,'nding at-tituc.e .in the .pre'sdncc of the ground 
was. marginal.'' (See fig.. 63). ' ■ . 



' -. • CONCLUSIONS ■ _ 

.'The foregoing discussion ■ indicates the following: -. 

1. The sticlc-f fxed longitudinal stability of . the air- 
plane should be satisfactory~sinc.e it is positive for all 
normal flight conditions except for take-off pov/cr v;ith- flaps .. 
deflected where neutral stability is exhibited. • ; 

2. The' stick-frefc Ipngit.udinal- st.ability' is unsatis- , 
factory in a- rated-power climb and f.or any povjer condition-., 
with flaps fully 'extenc-ed. In the case of • the ratedrpower 
clin'ib,. a spring in the elevator syster: counteracted by ■ 
'nose-up. tab. should give satisfactory .stability . • With, flaip's 
extended, the inpt,ability is due to under- -surf ace stall . ■ ■ 
(which-say hot exist at full-scale Reynolds number ), ..and the . 
combination of spring and tab' vjould- probably be ineffective 
oTo-ing to the loss in tal^ of f octivones's vrith surface stalled. 

5. ■■■ The elevator power in landins: is marsinal.' Deflection 
of- the center-section split flap, although providing no 
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additional lift, causep an incremental pitching moment which 
is beneficial in reducing -the up-elevator required. The 
control forces for landing v;ill be nigh unless the maxiniUin 
tf.b deflection if? increased to 25°. Control forces in expel- 
erp.ted flight will e.lso be high for the design control linj^age 
but could be improved by ad.justinent of the linkage. 

Chan^-e in propeller rotation prod.uced very little 
increase in the longitudinal stability, primarily because the 
tail completely spanned the slipstr8£>jn of the inboard pro- 
pellers, ■ ' . . . ■ ■ ■ 

5. The directional characteris'tics of the Kodel which 
were. invost.ig.ated arc . satisfactory. The ruddLer power is 
sufficient to maintain ^zero yavr upon failure of any one 
engine, and the control forces rocuircd are not excessive. 

6. Lateral charac.teristios are satisfactory except for 
50-porcenf and 100-percent talco-off povjer in the landing 
configuration. Use of the ailerons is required to pick up 

a wing but this should cause no pp,r.ticular difficulty pro- 
vided the ailerons arc effective in this condition. The 
deflection of the outboard flap siaould be liriited to 35° or 
-!-0° to improve the effectiveness of the lateral control 
unless the outboard flap of f ectiveness • i^jproves vfith^ Reynolds 
numb or . 

7. The results obtained -by the tv7o methods of power 
operation ar^e equiya.lent provided the horizonta.1 tail is not 
stalled. 

.S. In general, the landing gear increases the static 
longitudinal stc-:bllity, power off. However, vjith povrer at 
p; flap deflection of 25°, stability is decreased. The effect 
at a- flap d.ef leetioh" of- 50° is obscured bv the stalling of 
the tail. 



APPENDIX A • 
Model Dimensions 

vving • 

Area, square fe;c> , .• • • • ■ . .. • . . . . .• 6.275 

Span, feet -...'.■.>■.•..•...'.....;. 0.662 

Mean aerodynamic chord-, feet 0.S20 

■ Aspect ratio ; . . .• . ' . . . ^ - ' . .. . .. 11.9.6 

. » ( ■ • 

Taper ratio .■ . . . . . . . .'. . . . .. 2'5:1 

Dihedral. \- -. . . 6° 

Swecpb.ack il-O-percent chord line straight 

Incidence of root: . chord. . '. ,. . . . .. ■ . -. 3. 91° 

G-eoKCtric tx^rist. . .... . .... .' '. •". ..' . ' 1.29° of x^ashout 

'Tail l.en.<ths ' ;'' . ' ' •. 



Center of grr^/lty (25 percent "LL A. C. ) to 
elevator hinge,- feet.. . •.. . ■. 



Center of gravity (2^ percent "M..A 
rud.dor hinge, foot ...... 



C'. ) to 



2.;97 
2.93 



•Horizontal tail. 

Area, square feet . . . . . . ..... .. . . . I.702 

■•Span, feet •..-;. ..•■;.. . . •. ' 2..750 

Aspect ratio ';• • • ^.^5 



/ 
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Elsvcitor ■ •- 

Area, f!ou.?.rc fcst 0.7"!^ 

^Area aft oi" hinge line, square feet • 0.536 

^I.i.A.C. of .?,rea aft of hinge line, feot 0,2^-l]- 

Vertical .t?,il (oxcluding dorsal fin) i 

Area, square feet .■ . . ■. I.l63 

Span, foot l.y.2hr 

Aspect ratio ; . . 1.75 

Rudder . • / 

Area, square foot 0.i;-66 

■ ^Area aft of rJjigC; line, square feet 0.557 

^■H.A.C. of area aft of hinge line, feet ' 0.221 

Prcocller 

Di•r^met3r, feet 0.950 • 

Blades • threo 



Areo.s and chords used to o^r-tain elevator r.nd rudder hinge- 



/ 

^Areo.s and chords used to o^r-ta: 
moment coefficients 
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APPENDIX 3 

Configuration 33'-nil7ols 

S standard- conf iffurr^tion which includes wins- v/ith .full- 

siDan flaps, nacelles, ipilots' e.nclosures, hpri- 
zontp-l tail, and vertical ta.ll • ... 

•HV ' horizontal and vertical tails including dorsal f-in . 



a 



full-span flaps- d^eflected • cx degrees 



Fq^Fj^ center-section (split) flap and intoard flaps 
deflected a. - degrees 

Fq^ outboard flap' deflected a degrees .' • 

C'^ ■ covvl flaps -opened to a degrees. 

G- landing gear (tricj^'cle,- type) including doors 

Pj_ ' . left outtoaro. propeller 

Ps left inboard pro-seller , Superscripts or L 

denote- clo.cto-.-ise. or- 

P3 . . .• ri.ght inboard .propGircr. > -counterclockwise 

.- ■' ' f '• 'rotati'on as ■■observed 

I4 riorht .'outboard propeller | _ from tail of airplo.ne 

P P, , P3, .P3, P4 ■ i . ' ■ 

' • ' ' ■ 

Wi ■ two outboard win.j panels mounted und.er fuselag^e with 
inboard- ends butted together 

Wg ' one outboard i^ing panel; that is, w\ 'with rear panel 
removed 

V.'g one outboard wing panel; that is, turned so that 

Inboard end .of panel "is forvfard. 

6g ' deflection of elevators, de.2re.0s ' 

Se-p ' ^ deflection of elevator control (servo)" tab, degi^ees 
6r deflection of rudder, degrees ■ 
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by deflection of rudder control, (servo) tab, deCTeos 

a angle of ' a,ttack of fuselage reference lino corroctsd 

for upflow and tuhnel-vjall effects, 



Corr'ectione 



H.' 



ixc.v?pt :^liero noted, n,ll results are loresentod in the 
forjr. of sto.nc.r.rd I'jACA 'coefficients referred to the stability 
r.:"es po.ssing through a center of crravity locc.tsd at the 25 
percent I-:;A-.C. (fig. 2). Corrections for auireort tares siid. 
Jet-houndfl^y effects have -"ocen .made. The jet-boundary •■ 
corrections are as follovis: ' ■ 

^•t' = 5v? - % (57.3) 
C 



^Dr = Syr .| Cl 



= Sacs. I (57.3) ^ 



where 

6w 0.125 



• 0.075 

c.s. 



"S wing area, 6.27 square feet 

C ' tunnel ■ ar'os,^ .70 square foot 
Cl lift coefficient 



-^-r— Change -in model pltchlng-momont coefficient per 
^■^t decree chance in -tp.il incidence, comijutcd to 

be~-0.052 
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